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Validity of self-reported hearing 
loss in adults: performance of 
three single questions
Validade da perda auditiva auto-
referida em adultos: desempenho de 
três perguntas únicas
ABSTRACT
OBJECTIVE: To estimate the validity of three single questions used to assess 
self-reported hearing loss as compared to pure-tone audiometry in an adult 
population.
METHODS: A validity study was performed with a random sub-sample of 
188 subjects aged 30 to 65 years, drawn from the fourth wave of a population-
based cohort study carried out in Salvador, Northeastern Brazil. Data were 
collected in household visits using questionnaires. Three questions were used 
to separately assess self-reported hearing loss: Q1, “Do you feel you have a 
hearing loss?”; Q2, “In general, would you say your hearing is ‘excellent,’ 
‘very good,’ ‘good,’ ‘fair,’ ‘poor’?”; Q3, “Currently, do you think you can hear 
‘the same as before’, ‘less than before only in the right ear’, ‘less than before 
only in the left ear’, ‘less than before in both ears’?”. Measures of accuracy 
were estimated through seven measures including Youden index. Responses 
to each question were compared to the results of pure-tone audiometry to 
estimate accuracy measures.
RESULTS: The estimated sensitivity and specifi city were 79.6%, 77.4% for 
Q1; 66.9%, 85.1% for Q2; and 81.5%, 76.4% for Q3, respectively. The Youden 
index ranged from 51.9% (Q2) to 57.0% (Q1) and 57.9% (Q3).
CONCLUSIONS: Each of all three questions provides responses accurate 
enough to support their use to assess self-reported hearing loss in epidemiological 
studies with adult populations when pure-tone audiometry is not feasible.
DESCRIPTORS: Hearing Loss, diagnosis. Questionnaires, utilization. 
Sensitivity and Specifi city. Validation Studies.
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Hearing loss is a pervasive public health problem 
affecting individuals of all ages. Epidemiological data 
on its magnitude and severity can support prevention 
policies.9 Epidemiological studies usually involve 
large populations, and the use of clinical pure-tone 
audiometry is limited. This is a detailed procedure 
that requires a trained professional, technical equi-
pment and soundproof booth considered the most 
accurate procedure for hearing loss assessment. 
Operational constraints and costs involved in the use 
of audiometry14 led authors to adopt the self-report 
approach.3,6,10,12,15 Although it is easily manageable and 
cheaper than audiometry, an evaluation of its accuracy 
is recommended.
In a review of validity studies, self-reported hearing loss 
(SR-HL) has been observed as having good sensitivity 
(Se) and specifi city (Sp) when used in elderly groups.18 
Studies have used a single question, “Do you feel you 
have a hearing loss?,” to assess SR-HL and reported 
reasonable accuracy when pure-tone audiometry was 
RESUMO
OBJETIVO: Estimar a validade de três perguntas únicas utilizadas para avaliar 
a perda auditiva auto-referida em comparação com a audiometria de tons puros 
em uma população adulta.
MÉTODOS: Estudo de validade realizado com uma sub-amostra aleatória de 
188 indivíduos, com idade entre 30 e 65 anos, selecionados da quarta fase 
(2006) de um estudo de coorte de base populacional conduzido em Salvador, 
BA. Dados foram coletados em entrevistas domiciliares utilizando-se 
questionários. Foram utilizadas três perguntas para avaliar, separadamente, 
a perda auditiva auto-referida: Q1, “Você sente que você tem uma perda 
auditiva?”; Q2, “Em geral, você diria que sua audição é ‘excelente’, ‘muito 
boa’, ‘boa’, ‘regular’, ‘ruim’?”; Q3, “Atualmente, você acha que ‘ouve da 
mesma forma que ouvia antes’, ‘apenas o ouvido direito ouve menos do que 
antes’, ‘apenas o ouvido esquerdo ouve menos do que antes’, ‘os dois ouvidos 
ouvem menos do que ouviam antes’?”. Para estimar as medidas de acurácia 
foram utilizadas sete medidas, incluindo o índice de Youden. As respostas 
obtidas para cada pergunta foram comparadas aos resultados da audiometria 
de tons puros.
RESULTADOS: Estimativas de sensibilidade e especificidade foram, 
respectivamente, (Q1) 79,6% e 77,4%, (Q2) 66,9% e 85,1%, (Q3) 81,5% e 
76,4%. O índice Youden variou de 51,9% (Q2), a 57,0% (Q1) e 57,9% (Q3). 
CONCLUSÕES: Cada pergunta permite obter respostas com acurácia 
sufi ciente para recomendar o uso da perda auditiva auto-referida em estudos 
epidemiológicos com adultos quando a audiometria de tons puros não for 
factível.
DESCRITORES: Perda Auditiva, diagnóstico. Questionários, utilização. 
Sensibilidade e Especifi cidade. Estudos de Validação.
INTRODUCTION
the gold standard, for mild or more severe cases with 
one or both ears affected. In an Australian study asses-
sing accuracy of SR-HL, the Blue Mountains Hearing 
Study, its Se and Sp were 71% and 72% respecti-
vely,14 while the Epidemiology of Hearing Loss Study 
(EHLS), carried out in the United States, found quite 
similar results (Se=71%; Sp=71%).11 Results from the 
Framingham Heart Study Cohort8 also suggested that 
a single question, “Do you have a hearing problem 
now?,” can be used to assess SR-HL, and was found 
to be a more effective hearing loss screening method 
than a detailed questionnaire to be used among older 
adults. But these studies focused on senior individuals, 
and little is known about the validity of SR-HL in other 
age groups.
A review of the literature did not fi nd any Brazilian 
studies examining the validity of single questions to 
assess SR-HL. Enforcement of noise control legisla-
tion and standards is weak in Brazil, and large-scale 
population-based studies are needed, as well as 
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accurate and feasible methods to assess hearing loss. 
The purpose of this study was to estimate the validity 
of three questions used to assess SR-HL as compared 
to pure-tone audiometry in an adult population.
METHODS
This validity study was developed as part of a pros-
pective population-based cohort, the parent study, 
regarding work conditions and health outcomes, carried 
out in Salvador, Northeastern Brazil, a city with 2.7 
million inhabitants. In 2006, during the fourth wave 
of the study, three questions related to hearing were 
added to the questionnaire for data collection. A simple 
random subsample limited to adults aged 30 to 65 years 
was used to assess accuracy measures.
Subjects of the parent study were recruited using a 
one-stage cluster area sampling design. Using maps 
with different scales, subareas of the entire urban region 
were selected, from which all domiciles were identifi ed 
and visited to invite family members to participate in 
the study. The number of subareas was estimated based 
on the expected number of adults in each household, 
and eligible individuals were those aged 10 to 65 
years who declared having paid or unpaid jobs (i.e., at 
least 8 hours a week spent on household chores). Oral 
individual household interviews were conducted using 
questionnaires covering sociodemographic, occupa-
tional, lifestyle and health-related issues.
In this study, the subsample size was calculated accor-
ding to Flahault et al7 (2005), assuming Se=0.71 and 
a lower 95% confi dence limit not falling below 0.50 
with 0.95 probability. For the individuals selected, a 
further visit was scheduled to set appointments for 
hearing examination at a university health care faci-
lity. The audiologist was blinded to the self-reported 
responses of the study participants. Pure-tone audio-
metry was preceded by a visual inspection to identify 
mechanical obstruction and to prevent collapsing of the 
ear canal. Standard proceduresa were conducted in a 
soundproof booth (ANSI S3.1-1991) using a calibrated 
Interacoustics-AD229 audiometer (ANSI S3.6-1996 / 
ISO 389-1991). Hearing thresholds were determined in 
each ear by means of air-conduction measurement at 
0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz, and bone conduction 
at 0.5, 1, 2, 3, 4 kHz. Exclusion criteria were ear canal 
obstruction and inconsistencies in the responses to 
audiometry stimuli. Because of the time interval from 
household interview to audiometry (mean=11.8 weeks; 
SD=6.0), and to reduce the impact of unwanted factors 
that could affect the study measurements, after the 
audiometry participants were immediately asked about 
self-perceived changes in hearing acuity subsequent to 
the interview. When changes were observed the ques-
tions for SR-HL assessment were asked again.
SR-HL was assessed by three questions, asked in this 
order: Q1) “Do you feel you have a hearing loss?,” 
presenting the options 0=no, 1=yes and 2=don’t know; 
Q2) “In general, would you say your hearing is 0=excel-
lent, 1=very good, 2=good, 3=fair, 4=poor?;” and Q3) 
“Currently, do you think you can hear 0=the same as 
before, 1=less than before only in the right ear, 2=less 
than before only in the left ear, 3=less than before in 
both ears, or 4=don’t know?.” Criteria used to defi ne a 
positive case of SR-HL were (Table 1): for Q1, 1; for 
Q2, response categories 3 and 4; and for Q3, non-zero 
coded response categories. Audiometrically measured 
hearing loss (AM-HL) was defi ned as a pure-tone 
average of audiometric hearing thresholds at 0.5, 1, 2, 
3, 4 kHz greater than 25 decibel hearing level (dBHL) in 
the worse ear. Covariates were gender, age (categorized 
in tertiles by the distribution in sample to enhance data 
quality for post-stratifi cation), skin color, education, 
and socioeconomic status based on the family owner-
ship of specifi c goods, categorized as: low (less than 
three); medium (three to fi ve); high (six to nine) items.
Accuracy measures were sensitivity, specifi city, posi-
tive predictive value (PPV), negative predictive value 
(NPV), positive likelihood ratio (sensitivity/(1 – speci-
fi city)) and negative likelihood ratio ((1 – sensitivity)/
specificity). To summarize accuracy into a single 
numeric value, the Youden index (J) was calculated 
as: J= Se + Sp – 1.20 When sensitivity and specifi city 
are perfect J is 1.0, whereas J=0 indicates agreement 
purely due to chance. Because of non-compliance in 
the scheduled audiometry that could generate selection 
bias, weighted accuracy measures were estimated by 
post-stratifi cation adjustment, where weights account 
for differences in the age and gender distribution 
between the validity sample and the parent study.
Statistical inference was based on 95% confi dence 
intervals adjusted by the fi nite population correction 
factor when applicable. Analyses were performed 
using SAS 9.1.
All participants signed a written informed consent form 
prior to their participation in the study. The research 
protocol was reviewed and approved by the Institutional 
Review Board of Hospital Prof. Edgard Santos (n.049, 
01/Jul/2000) and the Instituto de Saúde Coletiva (n.048, 
25/Sept/2006) at Universidade Federal da Bahia.
RESULTS
Of the 326 subjects invited for hearing examination, 
13 (4.0%) refused to participate and 121 (37.1%) 
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did not attend the scheduled audiometry. Therefore, 
pure-tone audiometry was performed in 192 indivi-
duals. Four (2.1%) were excluded, two because of 
ear canal obstruction and two due to inconsistencies 
in the responses to audiometry stimuli, leaving 188 
individuals in the final validity study population. 
Six participants (3.2%) reported a change in hearing 
acuity subsequent to the interview, but only three of 
them (1.6%) changed their responses at the time of 
the audiometry. Participants in the validity study were 
older and more likely to be female compared to the 
parent study. No statistically signifi cant differences 
were found in the distribution of skin color, educational 
level and socioeconomic status between validity and 
parent study (Table 2).
In the sample for the validity analysis, the prevalence 
of AM-HL was 16.5%, lower than estimates based 
on self-report: Q1 33.0%; Q2 24.5%; and Q3 34.6% 
(p<0.001). Table 3 shows detailed response distribution 
for each question. Hearing loss severity, as assessed 
by pure-tone average in the worse ear, was mild (>25 
to 40dBHL) in 64.5%, moderate (>40 to 70dBHL) in 
22.6%, severe (>70 to 90dBHL) in 9.7%, and profound 
(>90dBHL) in 3.2%.
Accuracy estimates for each question are shown in 
Table 4. Weighted Se and Sp for all questions presented 
acceptable values: Q1 79.6% and 77.4%, Q2 66.9% 
and 85.1%, Q3 81.5% and 76.4%, respectively. Most 
fi ndings were quite similar for Q1 and Q3, including 
a better Youden index, a higher sensitivity but a lower 
specifi city when compared to Q2 results. Regardless of 
the question, high NPVs and low PPVs were estimated. 
The highest positive likelihood ratio was obtained for 
Q2 (4.48) and the best negative likelihood ratios for Q1 
(0.26) and Q3 (0.24).
DISCUSSION
The study fi ndings show that the use of these three ques-
tions to assess SR-HL in adults has good sensitivity and 
specifi city when compared to the results of pure-tone 
audiometry, used as the gold standard. These estimates 
are high enough to support a self-report approach to 
identify mild or more severe cases of hearing loss with 
one or both ears affected in epidemiological studies. 
Table 1. Questions assessing self-reported hearing loss and 
response classifi cation.
Single questionsa
Classifi cation 
for self-reported 
hearing lossb
Q1 “Do you feel you have a hearing loss?”
(0) no -
(1) yes +
(2) don’t know -
Q2 “In general, would you say your hearing is…?”
(0) excellent -
(1) very good -
(2) good -
(3) fair +
(4) poor +
Q3 “Currently, do you think…” 
(0) you can hear the same as 
before
-
(1) less than before only in the 
right ear
+
(2) less than before only in the 
left ear
+
(3) less than before in both ears +
(4) don’t know +
a Questions and response options numbered in the order they 
were applied by interviewers.
b Response options coded negative (–) or positive (+) for 
hearing loss.
Table 2. Sociodemographic characteristics of the validity 
sample and the parent study, Salvador, Northeastern Brazil, 
2006.
Characteristics
Validity 
sample
Parent study
p-valueb
n=188 % a n=2279 %
Gender
Female 142 75.5 1495 65.6 0.006
Male 46 24.5 784 34.4 
Age (yr) in tertiles
30–41 61 32.5 1021 44.8 0.001
42–50 66 35.1 699 30.7 
51–65 61 32.5 559 24.5 
Mean (SD) 45.8 (8.6) 43.7 (9.1)
Skin color
Black/
Mixed 
127 67.6 1396 61.3 0.088
Non-black 61 32.4 883 38.7 
Education
Elementary 
or less
116 61.7 1328 58.3 0.663
High 
school
65 34.6 848 37.2 
College 7 3.7 103 4.5 
Socioeconomic statusc
Low 100 53.2 1159 50.8 0.269
Medium 79 42.0 925 40.6 
High 9 4.8 195 8.6 
SD, standard deviation.
a Percents sum to more than 100 due to rounding.
b Mantel-Haenszel chi-square test.
c Based on the family ownership of specifi c goods.
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Based on the Youden index, the accuracy was highest 
for Q1, “Do you feel you have a hearing loss?”, and 
Q3, “Currently, do you think you can hear ‘the same 
as before,’ ‘less than before only in the right ear,’ ‘less 
than before only in the left ear,’ ‘less than before in 
both ears’?.” Both had better sensitivity compared to 
Q2 as well. However, Q2, “In general, would you say 
your hearing is ‘excellent’, ‘very good’, ‘good’, ‘fair’, 
‘poor’?” had better specifi city. All three questions had 
low positive predictive values, but good performance 
in predicting non-cases. As well, all positive and nega-
tive likelihood ratios indicate discriminatory values on 
how much the probability of hearing loss changes from 
baseline when a response for the question assessing 
SR-HL is positive or negative, respectively.
The comparison of our results with estimates from 
other studies is limited because of age range and case 
defi nition differences. For Q1 “Do you feel you have a 
hearing loss?,” the sensitivity estimate from this study 
(80%) is similar to the sensitivity of 81% reported 
for the same question in the younger group (48 to 64 
years) of the EHLS.11 In contrast, audiometric data of 
the National Health and Nutrition Examination Survey, 
from individuals aged 20 to 69 years, showed lower 
sensitivity of self-reporting to identify bilateral hearing 
loss confi rmed by audiometry, 65% (95%CI: 60;69).1 
This can refl ect differences in hearing loss defi nition 
(both ears affected) and the question used based on 
a self-rating scale: “good hearing,” “a little trouble 
hearing,” “a lot of trouble hearing,” or “deafness.” 
Compared to our results for Q1, studies with older 
groups using a yes/no question and similar criteria for 
defi nition of hearing loss4,11,14 found lower sensitivity 
and NPV estimates, but better PPV. Possible reasons 
may be related to evidence that older adults tend to 
undervalue hearing diffi culties.17
It is important to stress that the three questions tested in 
this study have distinct approaches and address different 
dimensions. The question “Do you feel you have a 
hearing loss?” has been the most studied one as a self-
report assessment against audiometric results, reported 
with good performances for English,11,14 and Spanish 
speakers.16 This study adds to our knowledge through 
an examination of a Portuguese version, with compa-
rable performance to those in other languages. Indeed, 
the yes/no question is operationally simple, leading 
to better estimates as compared to multiple-category 
alternatives.18 The question with scale-based responses, 
Q2, had worse performance when compared to a yes/
no question, Q1, analogous to the EHLS fi ndings.11 In 
part, this could be explained by the fact that among the 
fi ve possible response categories, the intermediary level 
“good” was the preferred choice, leading to high Sp but 
poor Se in a low prevalence study population. Although 
Q3 has been used in this study for the fi rst time, its 
performance was good comparable to Q1. The good 
performance of Q3 may be because it is centered in 
the individual experience, far from subjective concepts, 
being a simple comparison of the present with the past 
hearing condition. Nevertheless, the category “same as 
before,” coded as negative for SR-HL, may misclassify 
individuals with non-progressive hearing impairment 
since childhood. We also found that those who gave the 
response “don’t know” were more likely to be classifi ed 
as positive for SR-HL based on Q1 and Q2, and to have 
an AM-HL. For this reason, “don’t know” responses 
were coded as an indication of SR-HL.
The criteria for choosing the better method depend 
primarily on the intended application. In this case, Se 
and Sp are of most interest because of public health 
needs, instead of predictive values which are more 
useful in clinical settings. Also, when the aim is to 
compare prevalence across populations, the Youden 
index provides an appropriate validity measure of a 
particular question,13 and a brief yes/no question may 
help to avoid misunderstandings due to language diffe-
rences. Thus, in addition to simplicity and previous 
knowledge, we recommend “Do you feel you have a 
hearing loss?” to be used in epidemiological studies 
with adults when audiometry is not feasible. As well, 
we suggest Q3 to be examined in other languages.
Table 3. Response distribution for the questions assessing self-
reported hearing loss. Salvador, Northeastern Brazil, 2006.
Questionsa
Validity 
sample
Parent study
n=188 % b n=2279 %
Q1 “Do you feel you have a hearing loss?”
(0) no 126 67.0 1882 82.6 
(1) yes 62 33.0 392 17.2
(2) don’t know 0 0.0 5 0.2 
Q2 “In general, would you say your hearing is…?”
(0) excellent 37 19.7 627 27.5 
(1) very good 36 19.2 535 23.5 
(2) good 69 36.7 790 34.7 
(3) fair 38 20.2 301 13.2 
(4) poor 8 4.3 26 1.1 
Q3 “Currently, do you think…” 
(0) you can hear the 
same as before
123 65.4 1856 81.4
(1) less than before 
only in the right ear
20 10.6 115 5.1
(2) less than before 
only in the left ear
18 9.6 114 5.0
(3) less than before 
in both ears
22 11.7 168 7.4
(4) don’t know 5 2.7 26 1.1
a Questions and response options numbered in the order 
they were applied by interviewers.
b Percents sum to more than 100 due to rounding.
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In the validity sample, non-response to scheduled audio-
metry was substantial, which affected the precision of 
estimates and statistical inference. The non-response 
proportion in population-based studies using audio-
metry following a referral were commonly lower than 
our estimates when older populations were analyzed,5,14 
but comparable when adults were included.19 Younger 
groups are less likely to have hearing diffi culties, which 
could lead to reduced participation. Coherently, further 
limitations of this study include lower participation in 
the validity sample of individuals who gave negative 
responses to SR-HL, as compared to the parent study 
population. It could lead to a reduction of false nega-
tives and increased false positives, changing actual 
measures into better sensitivity and worse specifi city 
estimates, respectively. To overcome selection bias 
caused by differential age and gender participation, 
weighted estimates were calculated, thus reported 
measures may apply to the original parent popula-
tion. Pure-tone audiometry reproducibility was not 
measured; however, since the outcome was treated as 
a binary variable by using a cut-off of average hearing 
thresholds, minor differences would be unlikely to 
change category classification. Because our study 
population was restricted to paid and unpaid workers, 
generalizability of our results is limited.
When audiometry is not feasible, a self-report approach 
may also be used as a cheap and operational simple 
tool for hearing loss surveillance, thus favoring better 
coverage.
This study showed the validity of responses to single 
questions, which may be used as a feasible alternative 
in large-scale epidemiology studies and in hearing loss 
surveillance in adult populations. Although a valid 
measure for these purposes, it does not substitute pure-
tone audiometry at an individual clinical level.2
For future research to improve the use of self-reported 
data on hearing loss, it would be helpful to inves-
tigate its effect on prevalence estimates. Also, as 
some occupational epidemiology studies have been 
adopting SR-HL, specifi c accuracy measures would 
be recommended.
Table 4. Unweighted and weighted accuracy estimates of three single questions assessing self-reported hearing loss against 
pure-tone audiometry.a Salvador, Northeastern Brazil, 2006. (n=188)
Questions
Sensitivity
% (95%CI)
Specifi city
% (95%CI)
PPV
% (95%CI)
NPV
% (95%CI)
Youden indexb
% (95% CI)
LR +
% (95% CI)
LR –
% (95% CI)
Validity sample (Unweighted)
Q1c
77.4 
(58.9;90.4)
75.8 
(68.3;82.3)
38.7 
(26.6;51.9)
94.4 
(88.9;97.7)
53.2 
(37.0;69.4)
3.20 
(2.29;4.48)
0.30 
(0.15;0.58)
Q2d
64.5 
(45.4;80.8)
83.4 
(76.7;88.9)
43.5 
(28.9;58.9)
92.3 
(86.6;96.1)
48.0 
(30.1;65.8)
3.90 
(2.52;6.03)
0.43 
(0.26;0.69)
Q3e
80.7 
(62.5;92.6)
74.5 
(67.0;81.1)
38.5 
(26.7;51.4)
95.1 
(89.7;98.2)
55.2 
(39.7;70.7)
3.17 
(2.30;4.35)
0.26 
(0.13;0.54)
Validity samplef (Weighted to parent study) 
Q1c
79.6 
(66.2;93.1)
77.4 
(71.5;83.4)
39.2 
(27.8;50.6)
95.4 
(92.1;98.7)
57.0 
(42.3;71.7)
3.53 
(2.42;4.63)
0.26 
(0.09;0.44)
Q2d
66.9 
(51.2;82.6)
85.1 
(80.0;90.1)
45.0 
(31.4;58.6)
93.4 
(89.6;97.1)
51.9 
(35.4;68.4)
4.48 
(2.62;6.33)
0.39 
(0.20;0.58)
Q3e
81.5 
(68.6;94.5)
76.4 
(70.4;82.5)
38.7 
(27.5;49.9)
95.8 
(92.6;99.0)
57.9 
(43.6;72.2)
3.46 
(2.41;4.50)
0.24 
(0.07;0.41)
PPV: positive predictive value; NPV: negative predictive value; LR+: positive likelihood ratio; LR–: negative likelihood ratio.
a Pure-tone average of audiometric hearing thresholds at 0.5, 1, 2, 3, 4 kHz, considering hearing impairment as a loss greater 
than 25 dBHL in the worse ear.
b Youden index (J) = Se + Sp – 1.
c Q1, “Do you feel you have a hearing loss?,” (0) no, (1) yes, (2) don’t know; only response category 1 was classifi ed as positive 
for hearing loss.
d Q2, “In general, would you say your hearing is (0) excellent, (1) very good, (2) good, (3) fair, (4) poor?:” responses 3 and 4 
were classifi ed as positive for hearing loss.
e Q3, “Currently, do you think you can hear (0) the same as before, (1) less than before only in the right ear, (2) less than before 
only in the left ear, (3) less than before in both ears, (4) don’t know?;” non-zero coded responses were classifi ed as positive 
for hearing loss.
f Sample weights account for differences in age (3 levels) and gender (2 levels) distribution between the validity sample and 
parent study; CIs use the fi nite population correction.
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